Sender J., Maślanko W., Różański-Boczula M., Garbowski M.: Floristic diversity of midforest lakes (Sobibór Landscape Park, Poland).Ekológia (Bratislava), Vol. 35, No. 4, p. 359-370, 2016. Aquatic vegetation greatly impacts lake functions. Forest ecosystems surrounding lakes are effective protection zone of lakes and their associated flora and fauna. The presence of aquatic plants depends on many factors, including the chemical composition and acidity of water, the shape of the lake catchment, the angle of slope along shorelines and the management of surrounding lands. Natural ecosystems throughout Eastern Europe are threatened by anthropogenic activities. Aquatic systems and bogs are particularly sensitive to disturbances. The aim of the study was to determine the influence of land management, forest type and stand age on aquatic plant colonisation within lakes as well as to quantify and qualify the structure of macrophyte communities within two lakes, Płotycze Sobiborskie and Orchowe, located in the Sobibór Landscape Park in western Poland. Even though there were few bogs within the catchment areas and lake buffer zones, where they did occur they had the greatest effect on macrophyte presence. The results of this research indicate that in the absence of anthropogenic disturbances midforest water-bog complexes are relatively stable systems and preserve their natural character. The applied multi-criteria evaluation of macrophytes in the studied lakes and their surrounding buffer zones and catchment areas allowed the lakes to be characterised as lakes with a good ecological status.
Introduction
Mid-forest lakes, usually polihumic, belong to a group of habitats with specific environmental conditions. These are usually small reservoirs without outflow, storing a small volume of water. Primary production in lakes of this type is not high because of the low availability of mineral nutrients and a shallow euphotic zone. Only well-adapted aquatic plants and animals can handle these specific condition (Nürnberg, Shaw, 1999) .
In shallow lakes with slightly acidic and clear water, aquatic vegetation may occupy large areas (Sender, 2008) . The presence of aquatic plants depends on the chemical composition and acidity Vol. 35, No. 4, p. 359-370, 2016 DOI:10.1515 /eko-2016 of water, the shape of the lake catchment, the angle of shoreline slope and the management of land in the catchment. Environment factors such as light, temperature, amount and availability of nutrients, sediment type, the angle of the substrate, hydrodynamic phenomena and human pressure effect macrophyte distribution (Sculthorpe, 1967; Szmeja, 2006 , Jeppesen et al., 2012 . In most polihumic dystrophic lakes, completely submerged macrophytes do not occur.
Aquatic vegetation at each stage of development has a great impact on the functioning of the whole lake. Most of fish inhabiting inland waters lay eggs on aquatic plants, and almost all require their presence to spawn (Bernatowicz, Wolny, 1974 , Estlander et al., 2009 . Thus, the presence of aquatic plants is essential for proper trophic structure of the reservoir. Their importance in aquatic biocenoses depends inter alia on plant species diversity, density of their population, littoral distribution and seasonality. As a result of anthropogenic activities, the current landscape is continuously changing and its natural features and components are being transformed and fragmented. These changes are caused by almost every kind of human activity, but the most intensive changes occur in urban and industrial areas. The expansion of human activity can lead to geomechanical transformation of terrain, vegetation cover and soil degradation and changes in the water cycle. Alterations in the hydrologic regime can lead to intensified surface runoff, decreases in subsurface infiltration and, most importantly, the introduction of polluted water and sewage waste into these ecosystems. Aquatic ecosystems including lakes are the primary reservoirs of these inputs. The quantity and quality of pollutants reaching these ecosystems depends largely on management in their catchments. As forest ecosystems are the most effective protection zone of lakes (Ebregt, Greve, 2000; Gamrat, Gałczyńska, 2014; Sławski, 2001) , this study has been undertaken to determine the influence of catchment management and forest type on quantitative and qualitative structure of macrophytes in two lakes in eastern Poland. Forest type and catchment management may influence the presence and community structure of both emergent and floating leaved macrophytes.
Material and methods
Study site: Field studies were conducted during the growing season (spring, summer) in the years 2010 and 2011 in the lakes Płotycze Sobiborskie and Orchowe located in the eastern part of the Łęczna-Włodawa Lake District, within Sobibór Landscape Park (Fig. 1) .
Typical of this area are forests covering 75% of the Sobibór Landscape Park. The dominant species within the catchment are pine; however, homogeneous pine stands are absent. Coniferous forests are diverse in terms of community composition of tress and understory growth, as well as soil type and hydrologic regime. In areas with high soil moisture, dry coniferous stands, fresh coniferous, humid coniferous and bog coniferous occur. European White Birch and Alder Black dominated in forests were pine that constituted a small share of the forest stand. Deciduous broadleaved forests stands were not included in our study because larger patches are present only in the southern part of the park. Forests, peat bogs and wetlands surrounding lakes make them difficult to access. Polihumic, mid-forest lakes are often found in complexes with various priority habitats established by Natura 2000: raised peat bogs with succession (* 7110) and marshy coniferous forests (* 91D0). As dystrophic lakes are key components of larger hydrologic networks, protecting them is essential for protecting associated habitats.
Peat bogs are especially important to aquatic ecosystems because they slow and impede the flow of surface run off into lakes as well as reduce erosion. Peat bogs also improve water quality by aiding in the settlement of suspended materials and associated chemicals. Microfauna and microflora contribute on catching solutes and increase the amount of dissolved oxygen in water (Mioduszewski, 1995; Oleszczuk, Brandyk, 1997) .
The research included a characterisation of land use type and forest type, in the catchment, buffer zone, and macrophyte characteristics in the littoral zone. The variability index for each zone was also calculated (Starzyńska, 2005) . In addition, a qualitative analysis of macrophytes inhabiting lakes (area colonised by vegetation, species composition, extent of occurrence of individual formation) and quantitative analysis (total biomass of macrophytes by group and overall diversity) were completed. Biodiversity of each group of macrophytes was supported by the index of Shannon-Weaver (Hs) (Falińska, 2004) .
To calculate the percent proportion of the different plant communities in lakes and their catchments, ArcGIS 10.0 software was used. Catchments of the studied lakes were determined using topographic maps at a scale of 1:25,000. Land use types structure analysis was done by a retrospective photointerpretative analysis (Chmielewski et al., 1996) using satellite scenes from the RapidEye satellite (5 spectral channels RGB+RE+NIR, 2009) as well as orthophotomap (2007) . Satellite scenes were characterised by lower accuracy (1 pixel represented by 5 m in the field), but spectral channels allowed more precise distinction of different forms of land use types, such as wet meadows, agriculture agricultural fields or pastures and bogs. Orthophotomaps, though monochrome, were still the most accurate available and had a terrain pixel size of 0.5 m. Detailed analysis of land use types were carried out in lakes buffer zones, assuming the same radius length for lakes, 450 m, measured from the centroid of lakes and set automatically by the ArcGIS software. The coordinates of centroid for Lake Orchowe, N 51° 29ʹ 26.92˝, E 23° 34ʹ21.91˝, and Lake Płotycze Sobiborskie, N 51° 23ʹ 38.27˝, E 23° 37ʹ 0.01˝. Phytosociological study was performed by Braun-Blanquet method (1951) . Phytosociological units were distinguished by using a systematic and nomenclature system of Matuszkiewicz (2008) .
Counts of floating leaf and emergent macrophytes were collected along transects, five in Lake Płotycze Sobiborskie and four in Lake Orchowe (Jensen, 1977) . The density of emergent vegetation and plants with floating leaves was determined using a floral fork. Analysis of emergent macrophytes included species composition, density (ind. per m 2 ) and biomass of the species occurring in all research sites, as well as total biomass (g dm per m 2 ), width and extent of rushes (m). Measurements of plants with floating leaves were conducted at 0.5-m intervals from the shoreline to the maximum depth of their occurrence. Monitoring included analysis of species, total biomass (g dm per m 2 ) and share of each species in biomass, as well as the extent of occurrence. Each measurement was repeated thrice (Sender, 2008) .
Because the data were not normally distributed and not homogeneous according to Shapiro-Wilk and Fisher-Snedecor tests, a non-parametric test, Manna-Whitney U test, was used to determine the influence of macrophyte type on their biomass. To correctly discern the influence of measured variables on one another, a correspondence analysis was used. The spatial configuration of the results was interpreted according to Górniak (2000) . We used this method to determine the influence of forest type and forest age on macrophyte species in the buffer zone. The correspondence analysis confirmed relationships between the investigated variables. All analyses were completed using Statistic 10.0.
Results

Catchment analysis
Catchment areas as well as studied lakes varied in size. Water surface of Lake Orchowe covered only 7.09 ha, and its catchments covered 429.3 ha. Lake Płotycze Sobiborskie was over two times larger, 15.8 ha, but the catchment area was only 170.3 ha. The length of the shoreline in Lake Płotycze S. (1926.2 m) was over 800 m longer than the shoreline of Lake Orchowe (1122.2 m).
Forests dominated both lakes' catchment areas, 94.1% in Orchowe and 84.2% in Płotycze S. Anthropogenic forms including agricultural fields, pastures, natural meadows and homesteads were present in the catchment area of Lake Płotycze Sobiborskie but absent from the catchment area of Lake Orchowe, where peat bogs were numerous (Table 1) . The catchment area covered with forests was larger at the Orchowe Lake (404.9 ha) as compared to the Płotycze S. lake (139.5 ha). At the Orchowe lake, fresh coniferous forest (FCF, 293.2 ha) dominated and marshy mixed forest (MmF, 56.6 ha) also covered a significant part of the area. Fresh stand (FmF) or humid mixed coniferous forests (HmCF) were not observed at this location. The forest types at Lake Płotycze S. were varied but FCF, marshy coniferous forest (MCF) and fresh mixed coniferous forest (FmCF) dominated (reaching, respectively, 41.1, 29.1 and 39.5 ha coverage of catchment area). Alder forest (AF), marshy mixed forest (MmF) and dry coniferous forest (DCF) were not observed in the catchment area of Płotycze S. lake (Table 1) .
Land use forms in catchment
The age structure of tree stands in individual catchments varied. In both lakes, Lake Orchowe and Lake Płotycze, middle-aged trees contributed to the smallest share of area at 32% and 29%, respectively. Old trees comprised the largest share of the areas, covering 42% and 46% of the areas at Lake Orchowe and Lake Płotycze, respectively, and young trees covered similar areas at 27% and 25%, respectively (Fig. 2) .
The greatest portion of the catchment areas in Lake Orchowe was occupied by FCF. Furthermore, FCF habitat type has the highest differentiation of stand age with the youngest trees dominating (Age 1). In addition, MmF habitat type was also differentiated by age; however, within this habitat type, the oldest trees dominate. The remaining habitat types were not greatly differentiated by forest stand age (Fig. 3) .
Within the catchment area of Lake Płotycze Sobiborskie, forest stand was very diverse based on tree age. The greatest area was occupied by older trees (Age 3) of forest types: FCF, MCF and FmCF. The youngest stands included FCF, MCF, HmCF, FmF and HmF (Fig. 4) .
Buffer zone analysis
The primary land use type in the area directly adjacent to the shoreline of Lake Orchowe were transition peat bogs and raised peat bog with succession. However, in the buffer zone (450 m from shoreline) of Lake Płotycze S., in addition to transitional peat bogs, MCF were present and occupied more than 20% of its length. The buffer zone, also known as the transit zone, can be managed to reduce the negative anthropogenic impacts. As the diversity of habitats and species in this zone increase, so does the value of the habitat as a biofilter (Ebregt, Greve, 2000) . Forests dominated the buffer zones of the studied lakes; FCF on Lake Orchowe and DCF and MCF on Lake Płotycze Sobiborskie occurred ( Table 2) .
The variability index varied amongst the buffer zone and catchment in lakes. The value of the index for the catchment was 106% in Lake Płotycze S. and 49% in Lake Orchowe. The variability index for the buffer zone of Lake Płotycze S., 171%, was significantly higher than that of The age structure of tree stands in individual catchments varied. In both lakes, Lake
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The remaining habitat types were not greatly differentiated by forest stand age (Fig. 3) . the Lake Orchowe, 82%. Our interactions with macrophytes were based on buffer zone.
Macrophyte analysis
Macrophytes occupied a small area in the studied lakes. In the Lake Płotycze S., macrophytes covered 3.25 ha of the lake, and in Lake Orchowe, 2.27 ha, approximately 20.6% and 32% (Table 4) of lake surface area, respectively. The phytolittoral zone was definitely dominated by emergent macrophytes (Table  3) , just as in other mid-forest lakes in the Łęczyńsko-Włodawskie Lakeland region (Sender, 2009) .
In both lakes, no submerged plants were found but both emergent macrophytes and floatingleaved macrophytes were present. Four communities of emergent macrophytes were present. The largest share of these communities were reeds, particularly Phragmitetum australis, and amongst the plants with floating leaves, Nupharo-Nymphaeetum albae community (Table 3) .
The deepest macrophytes occurred in Lake Płotycze S. and were found at a depth of up to 1.5 m ( Table 4) . Colonisation of individual depth by aquatic plant is closely connected with visibility, as evidenced by the high value of the correlation coefficient -0.94 (p = 0.05).
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HCF, humid coniferous forest; FCF, fresh coniferous forest; DCF, dry coniferous forest.
The greatest portion of the catchment areas in Lake Orchowe was occupied by FCF. Furthermore, FCF habitat type has the highest differentiation of stand age with the youngest trees dominating (Age 1). In addition, MmF habitat type was also differentiated by age; however, within this habitat type, the oldest trees dominate.
The remaining habitat types were not greatly differentiated by forest stand age (Fig. 3) . Lake Płotycze Sobiborskie Significant differences in macrophyte biomass were found between the macrophyte types, emergent and floating leaved (p < 0.0001), in both lakes. Emergent macrophytes had over two times greater biomass than macrophytes with floating leaves (Fig. 5) . In Lake Płotycze S., emergent macrophyte biomass was 298.6 and 47.4 g dw ·m −2 for others plants. In buffer zone of Lake Płotycze S., macrophytes were densest in the vicinity of humid forest and sparsest in areas adjacent to marshy forest and transition peat bogs. The density of Phragmites australis was great in areas where DCF, HCF and HmCF forests were present. In areas were DCF and HCF were present, Scirpus lacustris, Typha angustifolia and Nymphaea alba were common, but emergent macrophytes dominated overall. Floating-leaved macrophytes appeared intermittently in the vicinity of HmCF at Lake Płotycze S. In zones where MCF and transitional peat bog (TP) were present, there was little differentiation and occurrence of either emergent or floatingleaved macrophytes (Fig. 6 ). The largest species diversity and density of macrophytes in Lake Orchowe occurred in the vicinity of humid mixed forest (HmF) (Fig. 7) . Six species occurred in this area and Phragmites australis reached the highest densities. At this lake, the lowest values of density and species number were reached in areas where macrophytes grew adjacent to raised peat bogs with succession (Hs). There were only two species with low biomass (Fig. 7) .
Plant communities
Floating-leaved macrophyte species were more numerous in the Lake Orchowe than in Lake Płotycze S. The greatest difference in macrophyte diversity was found in areas with HmF and TP. The density of P. australis density was highest in DCF, HmF and Hs areas, but the density of Typha angustifolia was also very high in DCF. Carex elata had the greatest density in transects from TP areas.
In both the mid-forest lake buffer zones, specific macrophytes dominated based on biomass in different habitat types (Fig. 8) Scirpus lacustris occurred most often in the vicinity of young forest, whilst Typha latifoliae and Nuphar lutea occurred most often in the vicinity of middle-age trees. The greatest diversity of macrophyte species was found associated with the oldest forests, with trees over 60 years (Fig. 9) .
The Schannon-Weaver diversity index value, defined only for macrophytes, for Lake Orchowe is 1.4 and for the Lake Płotycze S. is 1.8. The importance of such lakes as valuable natural features is confirmed by the presence of rare and endanger plants, including Nymphaea candida, Nuphar lutea, Scorpidium scorpioides, Utricularia minor and U. intermedia (Zarzycki, 2006) .
Discussion
Small, mid-forest, impassable humotrophic lakes together with transitional and raised peat bog dominated by the communities of Scheuchzerio Caricetea and Oxycocco-Sphagnetea have low abundance of nutrients but high content of humic substances (Eloranta, 1999) . These high humic substances give a characteristic brownish-yellow colour to the water, which restricts access of light and limits the development of submerged macrophytes (Gór-niak, 1996; Mäkelä et al., 2004) . Subsequently, the lack of submerged plants limits the use of standardised botanical indicators such as Ecological State Macrophyte Index to evaluate the ecological status of lakes (Chylińska, 2015) . There are no typical indicators to determine the ecological status of polihumic lakes based on all types of macrophytes. Rather, submerged macrophytes are often used as indicators of ecological status (Coops et al., 2007; Penning et al., 2008; Søndergaard et al., 2010) . Polihumic lakes are generally depauperate of aquatic vegetation (Kufel et al., 2004) . Indexes to qualify the ecological states are unavailable for these types of lakes. Emergent macrophytes dominate these types of lakes and only recently have been included as indicators for the ecological state of lakes (Alahuhta et al., 2013; Kolada, 2016) . According to Muskoka (2013) and Alahuhta et al. (2013) , land use adjacent to shoreline had a higher effect on emergent macrophytes compared to the whole catchment (Muskoka, 2013; Alahuhta et al., 2013) . Our results indicate that some forest types and forest age influence the types of macrophytes present. In areas adjacent to the oldest forest stands, macrophyte diversity and biomass were high. Four groups of emergent macrophytes were distinguished based on forest type.
According to the Shannon-Weaver diversity index, the lakes monitored in this study were found to be floristically valuable. This is supported by specific species found in these sorts of lakes: Scorpidium scorpioides, Utricularia spp., Nymphaea candida, Nuphar lutea, Potamogeton natans et al., for dystrophic lakes (3160).
Despite great similarities in catchment management, Orchowe Lake had a larger phytolittoral surface area and overall macrophyte biomass was greater. In this lake catchment, an FCF with relatively young trees dominated, whereas a bog dominated the area immediately adjacent to the shoreline. In the Płotycze Sobiborskie lake, the habitats present within the catchment were mixed; however, the greatest proportion of area was covered with bog forest and fresh mixed forest, both were dominated by old trees. In the Płotycze Sobiborskie lake, macrophytes inhabited a much smaller area, but species diversity was significantly higher than that in the Orchowe lake. Macrophytes reached higher values for cover and biomass at both locations were young tree stands were present within the catchment area.
humotrophic mid-forest lakes along with associated peat bog communities retain water and slow runoff. In general, because of the absence of human impact, mid-forest water and bogs complexes are relatively stable systems and retain their natural character. Specific hydrogeological factors caused that the greatest threat to these valuable, mid-forest habitats are drainage systems, as well as reduction of groundwater level in the catchment (Namura-Ochalska, 2008). In the studied lakes, macrophytes were sparse were peat bogs present,. The buffer zone, also known as the transit zone, can be managed to reduce the negative anthropogenic impacts. The greater the diversity of habitats and species of this zone, the higher is its value as a biofilter (Ebregt, Greve, 2000; Dudley, Stolton, 2003) . Forests dominated the buffer zones of the studied lakes.
Conclusion
There are no specific indexes to assess the ecological state of rare ecosystems of mid-forest lakes. The environmental conditions present in these systems limit the occurrence of aquatic plants to emergent and floating-leaved plants. Our results suggest that forest age and the management of the buffer zones areas greatly influence the macrophyte communities.
